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A.  RESEARCH  PERFORMED  WITH  A.R.O.  SUPPORT 


I.  Studies  of  Ions  in  CO^  Cns.  The  first  phase  of  our  A.R.O.  research  ] 

^ j 

Involved  a study  of  positive  and  negative  ions  in  carbon  dioxide  gas.  The  j 

principal  objective  was  to  obtain  data  that  would  be  useful  in  the  modeling 

of  CO2  lasers.  Our  findings  are  summarized  below: 

We  have  investigated  in  drift  tube  mass  spectrometers  the  identity 

and  the  transport  properties  of  ions  formed  in  CO2  gas  at  pressures 

i 

ranging  from  10  torr  to  762  torr.  Under  bombardment  by  low  energy  j 

(20-100  eV)  electrons  in  the  Ion  source,  tlie  primary  ]>osltlve  ion  is  j 

*4'  *t‘  "t"  *4" 

predominantly  C0„,  with  traces  of  C , 0 , and  CO  . The  predominant 

ion  becomes  0„  at  pressures  above  100  microns  (0.1  torr),  and  clustering 
^ + 

of  CO^  molecules  to  the  O2  occurs  even  at  pressures  below  1 torr.  Breakup 

of  the  clusters  also  occurs,  the  ion  identity  changing  many  times  in  the 

*4“ 

drift  region.  The  zero-field  reduced  mobility  of  the  0,.  • (CO  ) charge 
carrier  is  a function  of  pressure,  and  varies  from  (1.30  + 0.03)  cm  /V-sec 
at  0.2  torr  to  (1.18  + 0.03)  cm^/V-sec  at  1 torr. 

The  sole  negative  ion  produced  directly  by  the  electron  bombardment 

is  0 , which  clusters  to  form  the  stable  ion  CO  , whose  reduced  mobility 
2 ^ 

is  (1.27  +0.06)  cm  /V-sec  for  E/N  j<  60  Td  at  all  pressures  below  1 torr.  At 
much  higher  pressures  and  under  somewhat  different  conditions  (above 
30  torr  and  using  beta  source  ionization),  ions  in  CO2  are  observed  to 
form  multiple  clusters,  the  population  distribution  among  the  clusters  being 
strongly  dependent  on  gas  temperature.  The  zero-field  reduced  mobility 

of  the  cliarge  carrier  is  largely  lndei>endent  of  the  identity  of  the  core  | 

2 , , i 

ion,  and  varies  with  pressure  from  roughly  1.2  cm  /V-sec  at  35  torr  to  about  | 

2 

1.0  cm  /V-sec  at  762  torr.  We  have  measured  the  rate  coefficient  for  the  i 

reaction  0 + 2C0~  ■>  C0_  + C0„  at  room  temperature  and  obtained  the  result 

_oQ  /.  3 2 

(7-14)  X 10  cm^/sec  at  E/N  = (80-100)  Td. 

A full  account  of  this  work  appears  in  Ref.  2 of  Section  C of  this  report. 

II.  Measurements  on  Alkali  and  Halogen  Ions  in  the  Noble  Gases.  We  liave 
made  extensive  measurements  of  tlic  mobilities  and  longitudinal  diffusion  coefficients 
of  alkali  and  halogen  ions  in  the  noble  gases  over  a wide  range  of  E/N.  This 
work  is  discussed  in  Refs.  5,  7,  8,  9,  11,  12,  15,  and  16. 

The  measured  transport  coefficients  arc  of  direct  interest  in  their  own 
right  in  the  modeling  of  electrical  discharges  and  other  phenomena  involving 

plasmas  and  ionized  gases.  However,  our  strongest  motivation  for  measuring  ^ 

the  mobility  of  ions  in  gases  over  a wide  range  of  E/N  has  been  to  obtain  data 
from  which  information  on  ion-neutral  interaction  potentials  can  be  derived 


1 


I 


for  a wide  range  of  separation  distance.  The  interaction  potential  for  a 
two-particle  system  is  one  of  the  most  fundamental  properties  of  the  system. 

« 

It  determines  the  mutual  scattering  behavior  of  the  particles  and  hence 
the  transport  properties.  Tlte  interaction  potential  also  determines 
many  properties  of  the  system  tl»at  is  formed  if  the  two  particles  can 
temporarily  or  permanently  combine.  In  the  case  of  radiative  processes, 
for  example,  tlie  interaction  potentials  for  the  upper  and  ground  states 
of  a neutral  diatomic  molecule  or  Ion  determine  the  wave  functions, 
transition  prob;ibllltles,  and  spectral  features.  Tl>c  standard  beam 
scattering,  technique  used  to  obtain  information  about  the  interaction 
potential  for  an  ion-neutral  system  covers  a much  smaller  range  of 
separation  distance  than  does  the  new  method  mentioned  here.  Our  work  on 
obtaining  interaction  potentials  for  combinations  of  noble  gas  atoms  witli 
the  positive  alkali  ions  and  the  negative  halogen  ions  has  gone  forward 
without  difficulty.  We  are  also  planning  to  use  those  potentials  to  obtain 
the  interaction  potentials  for  various  combinations  of  neutral  noble  gas 
atoms.  This  plan  is  discussed  in  our  research  proposal  submitted  to  A.R.O. 
on  .Ian.  12,  1977.  These  data  should  be  of  considerable  interest  in  connection 
with  noble  gas-noble  gas  exclmer  gas  lasers. 

In  addition,  we  are  using  our  diffusion  data  to  test  the  now  unpublished 
theory  of  ionic  diffusion  in  gases  at  arbitrary  electric  field  strength  that  has 
been  recently  developed  by  E.A.  Mason  and  b.A.  Viehland. 
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